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Abstract Inadequate childhood nutrition is associated
with poor short-term academic and cognitive outcomes.
Dietary supplementation with meat is associated with better
cognitive outcome in children. Whether childhood nutrition
has life long effects on cognitive function is unclear. We
examined the association of childhood meat eating with
adulthood cognitive function in southern China where the
older population lived through signiﬁcant hardship during
their early years. Multivariable linear regressionwas usedin
a cross-sectional study of 20,086 Chinese men and women
aged C 50 years from the Guangzhou Biobank Cohort
Study (phases 2 and 3) 2005–8. We assessed the association
of childhood meat eating with delayed 10-word and imme-
diate recall score. Adjusted for age, sex, education, child-
hood and adulthood socio-economic position and current
physical activity, childhood meat eating almost daily, when
compared to yearly or never childhood meat eating, was
positively associated with delayed recall score (additional
numberofwordsrecalledoutof10 = 0.22[95%conﬁdence
interval = 0.11–0.31]). Similarly adjusted, childhood meat
eating about once a month, about once a week and almost
daily were positively associated with immediate recall score
(additional number of words recalled out of 30 = 0.38
[0.23–0.54], 0.73 [0.56–0.89] and 0.76 [0.55–0.98] respec-
tively). Morefrequentchildhoodmeat eating was associated
with better cognition through to old age. If conﬁrmed, these
results highlight the importance of adequate childhood
nutrition and they also emphasise the childhood and ado-
lescent antecedents of adult disease, with corresponding
public health implications for healthy aging.
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Abbreviations
AD Alzheimer’s disease
CERAD Consortium to Establish a Registry for
Alzheimer’s Disease
GBCS Guangzhou Biobank Cohort Study
GHHARE Guangzhou Health and Happiness
Association for the Respectable Elders
IPAQ International physical activity questionnaire
IPAQ-C Chinese version of International physical
activity questionnaire
IRR Incident rate ratio
MCI Mild cognitive impairment
MET Metabolic equivalent
PRC People’s Republic of China
SD Standard deviations
SEP Socio-economic position
USD United States dollar
Introduction
An estimated 60% of people with dementia worldwide live
in developing countries [1]. The number of people affected
by dementia is expected to increase to a greater extent in
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DOI 10.1007/s10654-010-9466-0developing countries, such as China, than in developed
countries (300% compared with 100% between 2001 and
2040) [1]. By the year 2036, 20% of the population of
China will be aged over 65 years, double that of 10% in the
year 2000 [2]. As the population ages it is particularly
important to understand predisposing factors to debilitating
age-related disorders such as cognitive impairment, so that
effective public health interventions can be developed.
Early life exposures may contribute to adulthood cog-
nitive impairment either by affecting brain structure and/or
function such that there is greater resilience to degenera-
tion, i.e., ‘‘cognitive reserve hypothesis’’ or by increasing
vulnerability to neurodegenerative processes [3]. In addi-
tion, there is growing evidence that early life exposures,
such as childhood socioeconomic status or skeletal growth
are related to cognitive function throughout life, including
later adulthood [4–6]. However, the speciﬁc aspect(s) of
early conditions underlying these associations are not clear.
Some evidence exists to suggest there may be an associa-
tion between childhood nutrition and cognitive function,
although this is largely limited to studies on young chil-
dren, where animal protein intake has been positively
associated with earlier walking in infants[7, 8] and dietary
supplementation with meat in infants and children in
developing countries associated with better cognitive
function up to school age [9, 10], independent of iron status
[8, 9]. Protein energy supplementation from non-meat
sources (vegetables, milk and sugar) given from birth to
24 months in developing populations has been positively
associated with cognitive function in early adulthood
(mean age 32 years), especially in women [11]. It remains
unclear whether childhood nutrition, proxied by meat eat-
ing, is associated with cognitive function in later
adulthood.
Here we examined the association of childhood meat
eating with later life cognitive function in an older popu-
lation of Southern Chinese men and women. We tested the
hypothesis that increased frequency of childhood meat
eating is associated with better later adulthood cognitive
function using the 10-word list learning task. This task was
taken from the CERAD (Consortium to Establish a Reg-
istry for Alzheimer’s Disease) test battery designed to
assess cognition function in older people [12]. The CERAD
tests cover general cognition, confrontational naming,
semantic ﬂuency, constructional ability and new learning
ability. The adapted CERAD 10-word list learning task has
been validated as a culturally and educationally sensitive
tool for identifying dementia in population based research
in developing countries [13]. The immediate recall com-
ponent of the adapted CERAD 10-word learning task tests
new learning ability. In addition the delayed recall com-
ponent of the 10-word list learning task has been validated
as a sensitive tool for identifying mild cognitive
impairment (MCI) [14], which is sub-clinical cognitive
decline distinct from normal ageing that does not interfere
with daily life, and may affect several cognitive domains,
including general cognition and executive functioning [15–
17]. Amnesic-MCI is a sub-type of MCI characterized by
memory deﬁcits, corresponding to poor delayed recall on
the 10-word list-learning task. Both MCI and amnesic-MCI
are conditions with a high risk of progressing to Alzhei-
mer’s disease or dementia [16–18], probably because recall
activity is centered in the entorhinal cortex and hippo-
campus, where the earliest neuropathological changes in
Alzheimer’s disease occur [14]. Annual conversion rates to
dementia from MCI vary from about 10 to 15% in clinic
based studies to 5–10% in population-based studies, with
possibly higher rates for amnesic-MCI [17, 18].
Methods
Materials
The Guangzhou Biobank Cohort Study is an ongoing col-
laboration among the Guangzhou People’s Number 12
Hospital, the Universities of Hong Kong and Birmingham
and has been described in detail elsewhere [19]. Recruit-
ment of participants was carried out in 3 phases and draws
from ‘‘The Guangzhou Health and Happiness Association
for the Respectable Elders’’ (GHHARE), a community
social and welfare association unofﬁcially aligned with the
municipal government where membership is open to older
persons for a monthly fee of 4 Yuan (50 US cents). About
7% of permanent Guangzhou residents aged 50 years and
over are members of GHHARE, of whom 11% (about
10,000 participants) enrolled each time for phases one, two
and three and were included if they were capable of con-
senting, ambulatory, and not receiving treatment modalities
which if omitted may result in immediate life threatening
risk, such as chemotherapy or radiotherapy for cancer, or
dialysis for renal failure. Those with less immediate risk,
such as a history of vascular disease or associated risk
factors, including diabetes and hypertension, were not
excluded from the study. The interview protocol was
changed in phase 2 (recruited from April 2005 to May
2006) to include questions regarding the participant’s
family background and childhood experiences, which were
also included in phase 3 (recruited from September 2006 to
January 2008). The Guangzhou Medical Ethics Committee
of the Chinese Medical Association approved the study and
all participants gave written, informed consent prior to
participation.
Participants underwent a detailed medical interview,
including questions regarding lifestyle and socio-economic
position (SEP), and a physical examination. Standing
508 M. Heys et al.
123height was measured without shoes to the nearest 0.1 cm.
The 10-word list-learning task was adapted to be culturally
appropriate. Four words in this test were taken from the
original CERAD English language test [13]: ‘‘arm’’, ‘‘let-
ter’’, ‘‘ticket’’ and ‘‘grass’’. ‘‘Pole’’, ‘‘shore’’, ‘‘cabin’’ and
‘‘engine’’ were replaced with ‘‘corner’’, ‘‘stone’’, ‘‘book’’
and ‘‘stick’’ as in the adapted CERAD 10-word list learning
task [13], whilst ‘‘butter’’ and ‘‘queen’’ were replaced by
‘‘soy sauce’’ and ‘‘chairman’’ as these are more culturally
appropriate. During the learning phase the 10-word list was
read out to the participant who was then asked to imme-
diately recall the words they remembered, this was repe-
ated 3 times giving an immediate recall, or learning score
out of 30. Following a 5-minute period of distraction,
during which the interview was continued, the participant
was then asked to recall as many of the 10 words as they
were able to, giving a delayed recall score out of 10.
Historical and nutritional setting:
Participants in GBCS grew up in China around the mid
20th century. Great social and economic change has
occurred throughout their lifetime. China is currently
experiencing very rapid economic growth, from essentially
pre-industrial conditions prevalent until the mid 20th cen-
tury [20, 21]. Between 1952 and 1979 annual per capita
animal food intake increased marginally from 11 to 16.5 kg
respectively [22, 23], with religion playing little role in
inﬂuencing diet before or after the establishment of the
PRC. Annual per capita intake of animal foods and meat in
China were 13.2 and 9.1 kg respectively in 1970 and 34.8
and 25.9 kg respectively in 1990, much lower than for
example the United States (annual per capita meat in take
112.2 kg in 1990) [22, 23].
Outcome
The main outcome was the delayed 10-word recall score
(out of 10) on the adapted CERAD 10-word learning task.
The secondary outcomes were immediate 10-word recall
score (out of 30), and presence of amnesic-MCI, which is
typically deﬁned as a delayed 10-word recall score of one
or 1.5 standard deviations (SD) below the mean for the
population being studied. Here our sample had a mean
delayed 10-word recall score of 5.6 (SD 1.9). One or 1.5
SD below the mean would correspond to a score of 3.7 or
2.8 respectively. Amnesic-MCI was here deﬁned as 3 or
less out of 10 on the delayed 10-word recall score.
Childhood SEP
We selected a broad marker of family living conditions,
similar to proxies such as car owner-ship or housing tenure
in the West, using possession of simple, notable items
appropriate to China in the mid-twentieth century, based on
sociological accounts of life in southern China at that time
[24–26]. We asked about parental possession of just three
items during the participants’ childhood: a watch, a sewing
machine and a bicycle. Childhood SEP was categorized as
low (no such parental possessions), medium (1 or 2) and
high (all 3), as we have used previously [27].
Exposure
Childhood meat eating was assessed by asking participants
whether they ate meat as a child with answers in Chinese
which translate as ‘‘never’’, ‘‘about once a year’’, ‘‘about
once a month’’, ‘‘about once a week’’ or ‘‘almost daily’’.
Less than 1% reported ‘‘never’’ eating meat in childhood
therefore the categories for ‘‘never’’ and ‘‘yearly’’ were
combined to create a 4 point scale: ‘‘Never/yearly’’, ‘‘about
once a month’’, ‘‘about once a week’’ and ‘‘almost daily’’.
Statistical analysis
Pearson v
2 test (categorical variables) and analysis of
covariance (continuous variables) were used to assess
unadjusted associations between childhood meat eating and
participant characteristics. Multivariable linear regression
was used to assess the association of childhood meat eating
with delayed 10-word and immediate recall score, from
which we reported adjusted difference in number of words
recalled. Due to the relatively high prevalence of amnesic-
MCI (12.6% overall) Poisson regression (with robust vari-
ance) was used to assess the association of childhood meat
eating with presence of amnesic-MCI, from which we
reported the incident rate ratio (IRR) [28]. Potential con-
founders considered, categorized as per Table 1, were age,
sex, educational level, childhood SEP, current annual per-
sonalincome,jobtypeandcurrentlifestylefactors(smoking
status, alcohol use and current physical activity). Physical
activity was measured by self-report using the Chinese ver-
sion of the short International Physical Activity Question-
naire (IPAQ-C),categorized as per Table 1[29].Apartfrom
age and sex these potential confounders were assessed
according to a change-in-estimate criterion (at least C5%
change) [30] for the estimates for the primary outcome to
create parsimonious models. We present three models:
Model 1 adjusted for age and sex; Model 2 additionally
adjusted for education; Model 3 additionally adjusted for
childhoodandadulthoodSEPandcurrentexercise.Smoking
statusandalcoholusewerenotincludedinanymodelasthey
hadanegligibleeffectontheestimates.Inaddition,wetested
for trend across meat eating categories.
We also examined whether the associations of childhood
meat eating with cognition were consistent by sex from the
Is childhood meat eating associated with better later adulthood cognition? 509
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123heterogeneity of associations across strata and signiﬁcance
of interaction terms between sex and childhood meat eat-
ing. In addition to allow for the association of meat eating
with other confounding factors that may also have sex-
speciﬁc associations with the outcomes we ran models that
included an interaction term between sex and four other
factors: age, childhood SEP, education and job type, and
then assessed whether the additional interaction term
between sex and childhood meat eating remained statisti-
cally signiﬁcant. We similarly examined whether associa-
tions of meat eating were consistent by age by examining
stratiﬁcation by age-group (less than the median age of
59 years and greater than or equal to 59 years) and statis-
tical signiﬁcance of interaction term between age (contin-
uous) and meat eating.
We used linear regression to assess the association of
childhood meat eating with height (adjusted for age and
sex) and with age of menarche as validation outcomes
adjusting for sex.
Data analysis was done using STATA v8.2 (STATA
Corporation, College Station, Texas).
Results
Of the 20,086 participants there were 5,381 men and
14,705 women. Of these, 4,923 men (91%) and 13,513
women (92%) had complete data for the outcome, valida-
tion outcomes (height and age of menarche), exposure and
potential confounders (as used in Model 3, Table 3); these
18,436 participants were included in the ﬁnal analysis.
Data on age of menarche was missing for 86 women. Men
were aged from 50 to 96 years, mean of 63.0 ± 7.0 years.
Women were aged from 50 to 95 years, mean of
59.3 ± 7.0 years. Almost all of the participants (98%)
were Han Chinese. Childhood meat eating was similar in
men and women, with 37.1% of men and 37.5% of women
reporting meat eating about once a week. The men had
more education with 71.7% of men and 57.2% of women
having attended junior middle school or above. The prev-
alence of amnesic-MCI was slightly higher in men (13.3%)
than women (11.5%).
Table 1 shows unadjusted associations between child-
hood meat eating and potential confounders. Childhood
meat eating about once a week was associated with never
smoking in men. Almost daily childhood meat eating was
associated with higher educational attainment, higher
childhood SEP, greater current personal income and cur-
rent alcohol use. It was also associated with non-manual
occupation in women.
Table 2 shows unadjusted associations between child-
hood meat eating and cognitive function by sex. Less fre-
quent childhood meat eating (about once a month and
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123never or yearly) was associated with worse cognitive
function in men and women.
There was no evidence from the heterogeneity of asso-
ciation across strata or statistical signiﬁcance of interaction
term between sex and childhood meat eating that the
association of meat eating with delayed recall score or
amnesic-MCI varied with sex or with age (P values for
interaction terms all[0.19). There was some evidence
from the statistical signiﬁcance of the interaction term
between sex and childhood meat eating that the association
of meat eating with immediate recall score varied by sex
and age (P value for interaction term 0.03 and 0.04
respectively). However, there was little heterogeneity of
association by age group. Results are presented pooled by
sex and age for all outcomes.
Table 3 shows adjusted associations between childhood
meateatingandcognitivefunction.Afteradjustmentforage,
sex and education (Model 2), meat eating about once a week
andalmostdaily,butnotaboutonceamonth,werepositively
associated with delayed recall score and with lower risk of
amnesic-MCI. Additional adjustment for childhood and
adulthood SEP and current physical activity (Model 3)
attenuated this association; although childhood meat eating
almost daily remained positively associated with a higher
delayed recall score. However, only childhood meat eating
aboutonceaweekremainedassociatedwithriskofamnesic-
MCI, possibly due to smaller number of participants who
recalled childhood meat eating almost daily (n = 2,114)
compared to about once a week (n = 6,894). More frequent
childhood meat eating (almost daily, about once a week and
about once a month) when compared with never or yearly
was associated with a higher immediate recall score in all
models. After adjustment for age, education, childhood and
adulthood SEP and current physical activity, more frequent
meat eating, especially about once a week, was more
strongly associated with immediate recall in men (adjusted
difference in number of words recalled in men = 0.48 [95%
conﬁdence interval (CI) = 0.17–0.78], 1.05 [0.74, 1.36],
0.78 [0.36–1.21] and in women = 0.34 [0.16–0.53], 0.60
[0.41–0.79] and 0.73 [0.48–0.98] for childhood meat eating
almost daily, about once a week and about once a month
compared to yearly or never). The test for trend across meat
eating categories was highly statistically signiﬁcant in all
models.
Table 4 shows adjusted associations of childhood meat
eating with height (adjusted for age and sex) and unad-
justed associations of childhood meat eating with age of
menarche in women. Adjusted for age and sex, more fre-
quent childhood meat eating (about once a month, about
once a week and almost daily) was positively associated
with height. Childhood meat eating about once a month,
about once a week and almost daily were negatively
associated with age of menarche.
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In an understudied population of older Chinese, we found
more frequent childhood meat eating was associated with
better cognitive function in later life. These ﬁndings
remained even after adjusting for childhood and adulthood
SEP and current physical activity. Childhood meat eating
almost daily was related to better delayed and immediate
recall. There was also evidence of a dose response relation.
Our ﬁndings are consistent with studies on animal protein
intake and cognitive function in infants and children [8–10].
An adjusted difference of 0.22 words recalled [0.11–0.32] is
likely to be clinically signiﬁcant even at the individual
level. Recent investigation of population representative data
for delayed 10-word recall in China demonstrated a dif-
ference of 0.20 words recalled [95% CI 0.2–0.3], adjusted
for age and sex, for each step increase in education level
(primary, secondary and tertiary education) [31].
There are a number of potential limitations of the
present study. First, we relied on recalled experience of
Table 3 Adjusted associations of childhood meat eating with cognitive function
Cognitive function as delayed 10-word recall score
Model 1 Model 2 Model 3
Childhood meat eating Adjusted difference
in no of words recalled
95% CI Adjusted difference
in no of words recalled
95% CI Adjusted difference
in no of words recalled
95% CI
Never or yearly
a – – –– ––
About once a month 0.12** 0.04, 0.20 0.008 -0.07, 0.08 0.04 -0.04, 0.11
About once a week 0.32*** 0.24, 0.40 0.08* 0.006, 0.16 0.07 -0.003, 0.15
Almost daily 0.57*** 0.47, 0.67 0.26*** 0.16, 0.36 0.22*** 0.11, 0.31
P-value for trend \0.001 \0.001 \0.001
Cognitive function as immediate 10-word recall score
Model 1 Model 2 Model 3
Childhood meat eating Adjusted difference
in no of words recalled
95% CI Adjusted difference
in no of words recalled
95% CI Adjusted difference
in no of words recalled
95% CI
Never or yearly
a – – –– ––
About once a month 0.72*** 0.55, 0.88 0.42*** 0.27, 0.58 0.38*** 0.23, 0.54
About once a week 1.47*** 1.31, 1.63 0.85*** 0.69, 1.00 0.73*** 0.56, 0.89
Almost daily 1.77*** 1.56, 1.98 0.95*** 0.75, 1.16 0.76*** 0.55, 0.98
P-value for trend \0.001 \0.001 \0.001
Cognitive function as presence of amnesic-MCI
c
Model 1 Model 2 Model 3
IRR
b 95% CI IRR
b 95% CI IRR
b 95% CI
Never or yearly
a 1 – 1– 1–
About once a month 0.88* 0.80, 0.97 0.97 0.88, 1.06 0.96 0.87, 1.05
About once a week 0.65*** 0.59 0.72 0.81*** 0.73, 0.90 0.84** 0.75, 0.93
Almost daily 0.57*** 0.49, 0.67 0.78** 0.67, 0.92 0.86 0.73, 1.01
P-value for trend \0.001 \0.001 0.002
Model 1: adjusted for age and sex
Model 2: additionally adjusted for education
Model 3: additionally adjusted for childhood and adulthood SEP, and current physical activity
a Reference category
b Incident rate ratio for amnesic mild cognitive impairment, with normal cognition as the reference category
c Amnesic mild cognitive impairment deﬁned as delayed 10-word recall score of less than 1.0 SD below the mean (equivalent to delayed 10-word recall
score of 3 or less out of 10)
*** P\0.001; ** P\0.01; * P\0.05
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123childhood meat eating which may have attenuated our
ﬁndings to the null; however also means we cannot exclude
the possibility that those with worse cognitive function
may have been less likely to recall childhood meat eating.
Random misclassiﬁcation could have resulted in an over or
underestimation of the ﬁndings [32], however our large
sample compensates. Secondly, reported childhood meat
eating may be a reﬂection of a cognitively protective cur-
rent diet [33]. We did not adjust for potential confounding
by diet, because of the difﬁculty of obtaining reliable and
accurate dietary data in large-scale studies of free-living
participants [34, 35], particularly amongst the Chinese who
share several dishes during a meal and individual intake is
doubly difﬁcult to gauge. However, daily meat eating was
associated with better childhood socioeconomic conditions,
greater growth and earlier menarche. Thirdly, although we
adjusted for several measures of childhood and adulthood
SEP we cannot exclude residual confounding as childhood
meat eating, as measured here, could be a proxy for other
aspects of early living conditions, including maternal
conditions and hence birth weight, childhood environment
or a generally more nutritious diet. Fourthly, the measure
of childhood nutrition, meat eating, is relatively crude,
without timing, type or quantity. Meat intake could be a
marker of total dietary protein intake. Childhood memories
tend to date to no earlier than 3 or 4 years of age, or per-
haps later in Chinese populations [36, 37] Childhood meat
eating, as recorded here, probably reﬂects the memory of
consumption after the age of 5 years, most likely of pork or
chicken [38], in limited amounts [23, 39]. Consumption of
animal foods and meat was and is comparatively low in this
population [22, 23]. As such, our ﬁndings are perhaps more
generalizable to developing countries with similar low
levels of meat consumption. Fifthly, the infrastructure to
facilitate fully representative studies in most developing
countries, such as China, is not readily available. However,
waiting until all the appropriate infrastructure is in place
before embarking on studies from the developing world
would preclude study of a large proportion of the global
population during a period of immense transition. Although
our sample could not be totally representative, this would
invalidate our results only if we have systematically missed
people with a speciﬁc relation between childhood meat
eating and adulthood cognition—for example, if we are
missing people with poor cognition who ate meat daily in
childhood. Finally, we were unable to assess potential
confounding effects of childhood cognitive abilities.
Despite these caveats, our ﬁndings add further evidence
to support the importance of early life environment and
long term cognitive function [5]. Meat contains important
macro (i.e. protein and fat) and micro (e.g. iron, zinc, folic
acid, vitamin B12 and arachidonic acid) nutrients required
for neurological development of the hippocampus and the
hypothalamus. These areas of the brain take the longest to
mature during childhood and into adolescence; and are
implicated in early Alzheimer disease [40].
Conclusion
A diet that includes a small amount of daily meat in
childhood (after infancy) may have long-term positive
effects on cognitive function. Alternatively childhood meat
eating may reﬂect a generally more cognitively protective
childhood environment and nutrition. Future research
should examine the role of childhood exposures in long
term cognitive development and if a role for childhood
meat eating is veriﬁed, should elucidate the type and
quantity of macro and micro nutrients that may be cogni-
tively protective and the biological mechanisms behind
these effects, so that preventive strategies can be imple-
mented. Conversely, the long term effects of such nutrition
for cardiovascular risk should also be evaluated. These
results also highlight the childhood and adolescent ante-
cedents of adult disease, with corresponding public health
implications for healthy aging, if conﬁrmed.
Table 4 Adjusted associations of childhood meat eating with adulthood height in men and women (adjusted for age and sex) and unadjusted
associations of childhood meat eating with age of menarche in women
Childhood meat eating
Yearly/Never
a About once a month About once a week Almost daily
Adjusted
difference
b
95% CI Adjusted
difference
b
95% CI Adjusted
difference
b
95% CI
Height (cm)
b – 0.24* 0.02, 0.47 0.54*** 0.31, 0.76 0.76*** 0.47, 1.06
Age of menarche (years) – -0.71*** -0.81, -0.61 -1.16*** -1.26, -1.06 -1.39*** -1.52, -1.27
a Reference category
b Adjusted for age and sex
*** P\0.001; ** P\0.01; * P\0.05
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